It has been shown in the course of the last few years that the number of factors playing a part in calcium-phosphorus (Ca-P) metabolism is far greater than had been known. It was found that the calcification of bones depends in the first place on the 'citric acid cycle' and on adenosine triphosphate (ATP) (oxidative phosphorylation) (Dickens, 1941; 
be dependent on factors which regulate the sensitivity of the organism to its effect (Fanconi and Spahr, 1956 ). The suprarenals have acquired some degree of importance, as was shown in studies on idiopathic hypercalcaemia, on tetany occurring in newborn infants of diabetic mothers and on hypercalcaemia with osteosclerosis found in a number of cases of myxoedema (Gittleman, Pincus, Schmerzler and Saito, 1956; Winberg and Zetterstrom, 1956;  Anderson, Brewis and Taylor, 1957; Royer, Lestradet and Habib, 1958; Zetterstrom and Arnhold, 1958) . Cortisone acts as an antagonist of vitamin D by impairing the absorption of calcium from the intestines; another action of cortisone is to reduce the rate of tubular reabsorption of phosphorus (Roberts and Pitts, 1953) . It is possible that there is a relationship between the suprarenals and the parathyroid glands, as suggested by cases of hypoparathyroidism associated with Addison's disease (Leonard, 1946; Papadatos and Klein, 1954; Whitaker, Landing, Esselborn and Williams, 1956 ).
We have become conversant in recent years with the importance of the relationship between ossification, parathyroid hormone, vitamin D and the 'Krebs cycle' (Glanzmann, Meier and Walthard, 1946; Heinz, Miller and Rominger, 1947; Harrison and Harrison, 1952a; Nordio, Semach and Grego, 1956 ; de Toni, 1957) . In rickets the citric acid level in the blood and urine is diminished (Harrison, 1954; Nordio et al., 1956) . The same phenomenon is observed in idiopathic hypercalcaemia (Forfar, Balf, Maxwell and Tompsett, 1956; Nordio et al., 1956 ). Administration of vitamin D and, although less regularly, of parathormone leads to a rise in the citric acid level in blood and urine (Harrison and Harrison, 1952a; Steenbock and Bellin, 1953; Nordio et al., 1956 ). Considerable importance is attributed to the 'citric acid cycle' in the renal tubules in connexion with the regulation of the acid-base balance and the reabsorption of phosphorus, amino acids and glucose (Harrison and Harrison, 1941; Durand, Manzini, Bruni and Semach, 1956; Nordio et al., 1956) . As is known, the synthesis of steroids has the 'Krebs cycle' as its starting point, and it may be possible to interpret the various disturbances of calcium-phosphorus metabolism also in terms of the Krebs cycle.
Classical Rickets Treated with ATP
We have studied the following four cases of classical rickets in the florid stage, no treatment with vitamin D ever having been given.
Case 1 was a boy aged 2 years 4 months; Case 2 was period of 20 days and 10 mg. daily for a further period of 10 days; and in Case 4, 5 mg. daily for a period of 40 days. These were cases of classical rickets with hyperaminoaciduria and slight changes in the acidification of the urine. Results of treatment are shown in Table 1 . The citrate content of the blood was markedly lowered in two cases only, in contrast to the other cases studied by Harrison (1954) and Nordio, Segni and Massaccesi, 1957. The citric acid content of the urine was not markedly lowered and in Case 2 it was even raised, whilst the figures for blood citric acid were low. Administration ofATP led to a definite improvement in the radiological picture of the bones (Figs. 1-4) , to a rise in blood phosphorus, and in three instances to a lowering of the phosphatase figures. The changes in phosphaturia and in the citric acid levels in the urine and blood did not conform to any regular pattern, and the changes in urinary amino acids were only slight.
Rickets and Seitivity to Vitam D Case 5. This boy, aged 18 months, had radiological and clinical signs of severe rickets. The main biochemical features were as follows: the blood citric acid level was markedly lowered with a comparative increase of urinary output of citric acid; there was a moderate lowering of the blood phosphorus level with normal urinary output of phosphorus, and a moderate rise in phosphatase (Table 2) .
TREATmET. After daily administration of 10,000 i.u. of vitamin D2 over a period of 40 days the following findings were noted. There was an increase in calcification of the bones but severe deformities of the metaphyses were still present. There was a return to normal of the blood phosphorus but no change in phosphatase or citrate. After two months' treatment with ATP (10 mg. daily) the radiological picture became normal and there was some improvement in the phosphatase level. This case shows partial resistance to vitamin D but complete clinical and radiological cure with ATP.
Cases 6 and 7. These twins, aged 17 months, had severe clinical and radiological signs of rickets. One sister had suffered from rickets and still showed signs of the disease. The radiological and biochemical findings in both twins were more or less identical.
The biochemical findings showed: a moderately low blood phosphorus level with slightly increased phosphaturia; a marked increase in phosphatase, increased amino-aciduria, considerable lowering of the blood citric acid level and marked hypercitruria (Table 2) . Table 3 gives the blood and urine citric acid levels compared with normals.
In contrast to findings in normal subjects, intravenous loading with citric acid did not lead to any marked rise in the citric acid content of the blood (Fig. 5) . The citric acid content of the urine before citric acid administration was 6-75 mg. per hour; after loading it was 32-4 mg. per hour.
By simultaneous determination of the endogenous creatinine clearance, we were able to show that the glomerular filtration rate of citrate was less than the final urinary excretion rate ( (4 5 mg. per 100 ml.); the blood citric acid level remained very low (0-20 mg. per 100 ml.). Case 7 received orally over a period of two months 5,000 i.u. of vitamin D2 daily. There was a slight deterioration in the radiological picture, but again the blood phosphorus level became normal (4 5 mg. per 100 ml.), and the citric acid level in the blood remained very low (0 30 mg. per 100 ml.). Thereafter we started ATP treatment (5 mg. intramuscularly daily over a period of 4 months) in both children. The radiological findings were checked three times during those four months, and a progressive improvement was noted, which culminated in complete Table 6 .
After treatment with ATP (10 mg. per day over a period of two months) we found that the glycosuria, phosphaturia and aminoaciduria were practically unchanged (Table 7) , and there was no change on radiological examination of the skeleton.
In the course of a determination of the endogenous creatminine gomerular filtrate before therapy we were able to establish the clearance values for citric acid and phosphorus shown in (Fig. 7) , showing that the tubular reabsorption of phosphorus was impaired to such a degree that no subsequent modification could take place. There was only a slight change in the acidification of the urine without true acidosis and with a slight increase in the blood chlorides. The polyuria, which was not marked, responded to pitressin administration (Fig. 8 ). We were unable to do a liver biopsy, but the liver function tests failed to reveal the presence of a cirrhotic condition such as that found by Dent (1947) in other cases of the syndrome.
The citric acid levels were very low in the blood and high in the urine. The glomerular filtrate of citric acid was lower than the urinary flow. In this particular case the 'gluho-phospho-amino acid renal diabetes' proved to be associated with 'citric acid renal diabetes'. An increase in organic acids (ketobodies, pyruvic acid, uric acid) was found in cases of 'de Toni-Debr-Fanconi syndrome' by Aballi et al. (1944) , van Creveld and Arons (1949) and Sirota and Hamerman (1954 tion process. The hypothesis was suggested, and supported also by Freudenberg (1954) , that the synthesis of ATP had undergone some disturbance. Schwarz-Tiene, Careddu and Cabassa (1957) showed the existence of an analogous condition in cases of 'de Toni-Debr&-Fanconi syndrome' produced experimnientally by means of the administrationl of cystine. Harrison (1954) and subsequently Durand et acl. (1956) produced an experimental 'de Toni-Debre-Fanconi syndrome' by administration of maleic acid (an antimetabolite of malic acid, the tricarboxylic acid of the 'Krebs cycle'). Durand et al. (1956) This was a case of tetany with hypocalcaemia, hyperphosphataemia and lowered blood phosphatase (Table 10 ). Renal function was normal, there was no intestinal stasis and no radiological evidence of rickets. The low blood citric acid and urinary citric acid levels correspond to the findings in other forms of tetany with hypocalcaemia. These findings are characteristic of a certain form of 'hypoparathyroidism'. The results of the Howard test showed a drop in urinary phosphate excretion, which was already low before the test, indicating that the 2 parathyroid function, which was depressed before the test, was susceptible to further depression as a nsitivity. result of the intravenous infusion of calcium (Fig. 11) alnconi The patient's response to the various forms of re was treatment was abnormal, a relative resistance to region AT10 developing during a certain period. (1956) Of special importance are the results of the studies of suprarenal function which showed an all-round Toni increase. Radiological examination after insuffiation ing of of air into the retroperitoneal space revealed no ention enlargement of the suprarenals (Fig. 12) . The :ention ses of presence of hyperaldosteronism was confirmed by ead no the rather high urinary output of potassium (Fig. 13) derate and by the occurrence of hypopotassaemic crises oderate vels of levels. (Nordio et al., 1957) . Some disturbance of 'oxidative phosphorylation' occurs also in the 'de ToniDebre-Fanconi syndrome'. The absence or weakness of any therapeutic action of ATP in a case of that disease and the fact that it has not been possible to produce the condition experimentally by administration of DNP Evidence of such connexions can be found in a case in which an endocrine disturbance, probably caused by a suprarenal tumour, was associated with changes in the blood and urine levels of citric acid. This was in a boy, aged 3, who showed clear evidence of precocious puberty of adrenal type (enlarged penis, pubic and axillary hair, and testicles of normal size). Radiological examination following insufflation of air into the retroperitoneal space showed an enlargement of the right suprarenal gland with some calcification. Before we were able to complete all necessary investigations and to submit the boy to laparotomy the parents decided to take him home (Table 12 ). In Case 9 we believe that a more between the would be of
Conclusions
We consider that, for an elucidation of the disturbances of calcium and phosphorus metabolism and of ossification, the function of the 'citric acid cycle', which is closely correlated with the action of the parathyroid hormone, and that of vitamin D and ATl0, is of considerable importance (Harrison and Harrison, 1952a; Nordio et al., 1956) . It is likely that the sensitivity and resistance of the organism to vitamin D and AT10 are closely related to steroid metabolism and the 'Krebs cycle' in the renal tubules. Special importance is attached to the
